Based on morphological, genetic and ecological data, we describe new infraspecific taxa of the Azorean endemic Juniperus brevifolia. J. brevifolia subsp. maritima is an erect shrub or small tree, found in Flores, Terceira, Pico and São Jorge , in coastal scrubs below 100 m. J. brevifolia subsp. brevifolia occurs in all islands of the archipelago except Graciosa, between 300 and 1500 m. J. brevifolia subsp. brevifolia var. brevifolia is a small to medium tree found between 300 and 1000 m. J. brevifolia subsp. brevifolia var. montanum is a small prostrate shrub, common in mountain scrubs and blanket bogs, between 850 and 1500 m. The most striking morphological differences of subsp. maritima are the larger leaves, seed cones and seeds. Phenological patterns of the subspecies also differ, notably in the periods of seed maturation and pollination. The distribution of taxa within islands is peripatric. Coastal populations (subsp. maritima) are small and isolated from the usually much larger subsp. brevifolia populations, above 300 m. In subsp. brevifolia the varieties are parapatric, since their ranges are adjacent to each other, occurring together in narrow contact zones.
Introduction
Juniperus brevifolia (Seubert 1844: 26) Antoine (1857: 16) is the dominant tree species in most of the remaining Azorean native forests, especially above 500 m (Dias 1996; Dias et al. 2004 Dias et al. , 2007 Elias & Dias 2009a; Elias et al. 2011) . Its importance is recognized by several authors due to the presence of many endemic arthropods, bryophytes and vascular plants, including rare species, in native J. brevifolia dominated communities (e.g. Gabriel & Bates 2005; Homem & Gabriel 2008; Elias & Dias 2009b , 2009c Cardoso et al. 2010; Gaspar et al. 2011) . In fact, Juniperus brevifolia, protected by law since 1989, is considered a top priority for conservation in Macaronesia, based on a global set of criteria ranging from ecological value to social importance (Elias & Silva 2008) .
Sequences from nuclear and chloroplast DNA (trnC-trnD spacer) have placed J. brevifolia in a clade with J. navicularis Gandoger (1910: 55) , that is endemic to western coastal areas of mainland Portugal and it has been proposed that seeds of J. navicularis-like plants or their ancestor were brought to the Azores by birds from the Iberian Peninsula (Adams, 2008) . A recent study, based on the analysis of five plastid DNA regions, by Rumeu et al. (2011) , also found a close relation between J. brevifolia and J. navicularis. The results suggested that a single introduction event likely occurred from Europe and that genetic differentiation of J. brevifolia postdated the emergence of the oldest island (Santa Maria, 8.12 Ma, França et al. 2003) .
In the study of Rumeu et al. (2011) , the pre-Pleistocene (> 2.5 Ma, França et al. 2003) islands of São Miguel and Terceira were found to harbor the highest diversity levels and are the source of seven different haplotypes, thus playing a significant role in the diversification of the species. The results also highlight the importance of Terceira as a stepping-stone island within the Azores, fostering genetic connectivity in the archipelago. Equally important could have been the oldest island of Santa Maria, where it is possible that J. brevifolia first originated. However, the nearextinction of the species on that island enables only a glimpse of its potential genetic diversity. The results of Rumeu et al. (2011) also show that Graciosa (the fourth oldest island, with 2.5 Ma, França et al. 2003) could also have played a central role in the stepping-stone colonization of younger islands such as São Jorge, Faial and Pico. This is however impossible to confirm since this species is now extinct in Graciosa.
In spite of its greater abundance above 500 m, J. brevifolia has a large ecological amplitude occupying a wide range of habitats from coastal areas to 1500 m (Elias 2007) . Its morphological variability is high and Dias (1996) acknowledged the existence of ecotypes of this species. A comprehensive study involving the characterization of this variability demonstrated the existence of vegetative and reproductive morphological differences between coastal, mid altitude and mountain populations (Elias 2007) . Phenological studies, partially published in Rumeu et al. (2009) , also showed the distinctiveness of coastal populations.
In an effort to characterize the genetic variability of J. brevifolia, Silva et al. (2011) , using 15 ISSR and 15 RAPD markers in 178 individuals from 18 populations, found significant differences in the genetic diversity between coastal and mountain populations. Coastal populations displayed a significantly higher diversity than mountain populations. In spite of that, no obvious higher genetic similarity between populations from the same ecological zones in different islands was detected. RAPDs are, however, not always reliable for detecting infraspecific variation. Monteleoni et al. (2006) , for example, found that, for Pinus mugo Turra (1764: 117) , the variation in RAPDs was barely effective in detecting genetic divergence between the subspecies uncinata and mugo.
In this paper, we propose an infraspecific classification of J. brevifolia based on the works of Dias (1996) , Elias (2007) , Silva et al. (2011) and Rumeu et al. (2009 Rumeu et al. ( , 2011 . The morphological analysis is based in the work of Elias (2007) . The taxonomic ranks used in this work are defined as follows (adapted from Christensen 1987 and Stuessy 2009 ): Subspecies form cohesive geographical patterns, largely allopatric or peripatric, they differ from each other in several, distinct morphological characters; Varieties of a subspecies form cohesive geographical patterns, parapatric with some overlap, they differ from each other in usually one or few morphological characters. In our infra-specific classification of J. brevifolia we also take into account the ecological integrity of the taxa and phenological differences.
Material and Methods
Twelve populations from four islands were selected in the three island groups that make up the Azorean archipelago for morphological and ecological analysis (TABLE 1). Wherever possible, selected sites were natural populations and they represented coastal, mid-altitude, and mountain areas in the islands of the Western, Central, and Eastern groups. For the various populations the altitude and location were registered using a GPS. Ten abiotic variables were collected: average, minimum and maximum temperatures, wind velocity, wind exposure, total rain fall, relative humidity and soil data (namely pH, phosphorous and potassium concentrations). Climatic variables were obtained from the CIELO model-island climate modeling at a local scale, which was developed, calibrated and validated by Azevedo (1996) . Soil samples were collected in each site and analyzed in the Soil Lab of the Azores University (see Elias 2007 for more details). For each of the 12 populations, ten adult individuals of J. brevifolia were selected (except for Alagoa, where there were only eight adults) and permanently marked. For these individuals, besides the data obtained in loco, 50 twigs with leafs and 30 seed cones per population were collected to obtain the remaining morphological data in the laboratory.
Several morphological parameters were analysed for every population (plant maximum height, canopy height and width, number of branchlets per cm, branchlet inclination, leaf overlapping and inclination, leaf length and width, seed cone diameter and weight, number of seeds per seed cone, seed length, width and weight). Male cones measurements (length and width) were determined only for Terceira island because of the short period of maturation and logistic limitations.
In addition, we examined herbarium specimens from Flores (6), Terceira (16), Pico (6), São Jorge (2), Faial (1), São Miguel (2) and Santa Maria (1) deposited in AZU herbarium. Data analysis was done in two steps. First, a cluster analysis (using average linkage and Euclidean distance) was applied in order to identify populations groups with similar morphological features (see Elias 2007 for more detalis). A direct ordination method was then applied in order to evaluate which morphological and environmental (abiotic) features best characterize populations groups. The data were analyzed through a RDA (Redundancy Analysis) with the CANOCO program (ter Braak & Šmilauer 2002) . RDA was chosen because a previous DCA analysis revealed a maximum gradient length lower than 4 SD, which, according to ter Braak & Šmilauer (2002) , indicates that the response to environmental gradients is linear.
Results
The cluster analysis based on 17 morphological features, revealed three populations groups: coastal (Fajãzinha, Alagoa and Manhenha); middle altitude (Ribeira do Ferreiro, Cão Morto, Sanguinhal, Cabecinhos and Tronqueira) and mountain (Morro Alto, Santa Bárbara, Montanha and Graminhais) (Elias 2007) . The RDA confirmed de grouping and clearly showed what features best described each group (see Figure 1) . Based on this, two subspecies are recognized (subsp. brevifolia and maritima) with two varieties also recognized within subsp. brevifolia (var. brevifolia and montanum). A full morphological comparison of the infra-specific taxa of J. brevifolia is shown in Table 2 . Most morphological differences between taxa are evident from Figure 1 . This ordination analysis demonstrates that subsp. maritima is characterized by individuals with leaves, seed cones and seeds of greater dimensions. Smaller leaves, seeds and seed cones are features of subsp. brevifolia. Individual size, branchlet and leaf angle of insertion (inclination) and numbers of leaf whorls/cm are the main features that differentiate the two varieties of subsp. brevifolia. Var. brevifolia has larger individuals, mainly small to medium trees. Branchlets and leaves have the lowest insertion angles. Leaves are also less overlapping. The opposite is true for var. montanum, which also has the smallest seed cones. Comparisons of leaf area and seed wheight between taxa are shown in Figure 2 . Differences in the shape and size of leaves, seeds, male cones and microsporophils are shown in Figures 3-5. 
Ecology and geography
From Figure 6 , it is clear that the taxa proposed occur in different ecological conditions with respect to the abiotic factors analysed. J. brevifolia subsp. maritima occurs in coastal conditions with higher temperature, lower rainfall and higher levels of some of the main soil nutrients. Exposure to marine salt, although not measured, is also much higher. Higher levels of rainfall and lower temperatures and soil nutrients are common features for subsp. brevifolia but var. montanum, a common shrub in mountain scrubs and blanket bogs, is subjected to intense winds and wind exposure. Furthermore, above 900 m, temperatures reach annual average minimum values of 8ºC and rainfall can be higher than 5000 mm a year (Elias 2007) . J. brevifolia subsp. brevifolia var. brevifolia is common and typically dominant in arborescent scrubs, forests, woods and forested peat bogs, especially between 500 and 900 m a.s.l. Differences in ecological conditions are reflected not only in the morphological features but also in the phenological patterns especially in subsp. maritima. In fact, in this subspecies, seed maturation occurs in the first year and pollination (January-March) is earlier than that of subsp. brevifolia (March-June). Additionally, the two subspecies are geographically separated, with maritima occurring near the coast and brevifolia above 300 m (and in most cases above 400 m a.s.l.). The local (intra island) geographical pattern of the subspecies is clearly peripatric, in the sense that coastal populations are small and isolated from the usually much large subsp. brevifolia populations, above 300-400 m. The finding, by Silva et al. (2011) , of a significantly higher genetic diversity in lowland populations (subsp. maritima) compared with mountain populations (subs. brevifolia var. montanum) could be explained by historical mechanisms (e.g. volcanic activity, genetic drift, recolonizing events). Lowland populations may represent the remnants of the original colonization events from which high-altitude populations descended. The geographical patterns of the two varieties within subsp. brevifolia are parapatric, since their ranges are adjacent to each other, occurring together in narrow contact zones. The altitude of the contact zones depends on the island (e.g. in Flores above 850 m but in Pico at 1000 m a.s.l.). In the same manner, var. brevifolia may reach 1000 m a.s.l. in Pico, but in other islands it seldom reaches 900 m. Pollination starts later in var. montanum (April) than var. brevifolia (March).
In 2009, a garden trial was established by the Azorean Regional Government Forest Services in Pico Island (Jeni Simas, personal communication). Individuals obtained from seeds collected on coastal (N= 300) and middle altitude populations (N=300) were planted side by side at 490 m a.sl. in a locality called Chão-Verde. In spite of their young age, it is already possible to verify the differences between specimens of subsp. maritima and subsp. brevifolia, especially in the size of leaves and general growth form. This is a clear indicator that there is a genetic basis for the observed differences. This trial will be followed in the next years and quantitative measures will be taken as soon as we have more adults to sample.
The recognition of infraspecific taxa of J. brevifolia is an important step towards a better conservation of this species. At the regional scale subsp. maritima has become extinct in many islands due to human activities. Where it's still present this taxon is under constant pressure both from humans and from natural disturbances related to sea storms. As a species, J. brevifolia is now classified as Vulnerable by the IUCN (2012) but subsp. maritima may fall under the classification of Endangered or even Critically Endangered. Urgent action is needed, namely ex-situ propagation, translocation, population reinforcement and strict protection of extant populations, to avoid the continuous decline and possible extinction of this taxon.
TAXONOMIC ACCOUNT
Juniperus brevifolia (Seub.) Antoine. Common name: Short leafed juniper (Adams 2008 Dioecious erect shrub or small tree with broad pyramidal crown. Trunk bark brown-purple, exfoliating in strips. Leaves acicular, 3-10 × 1-2 mm, closely set, strongly curved, with two broad, white stomatiferous bands on adaxial surface. Seed cones 7-9 mm, subglobose, green and pruinose while young, dark copper-brown when mature. Seeds: free, ovoid, triquetrous (Adams 2008 ).
Key to Juniperus brevifolia infraspecific taxa
1.
Leaves 5.6-7.5 × 1.4-1.9 mm; Seed cones with 7.9-9.5 mm, ripening in the first year. Seeds 4.9-6.3 × 3. Erect shrub or small tree, with (inverted) pyramidal crown. Branches ascending with patent to erecto-patent branchlets. Leaves 5.6-7.6 × 1.4-1.8 mm, obtuse, patent to erecto-patent, in whorls of 3 (4-6/cm), overlapping by 60%. Seed cones 7.9-9.5 mm, ripening in the first year. Seeds: 1-3 per seed cone, 4.9-6.3 × 3.5-5.1 mm, germinating from February to subsp. brevifolia Shrub or tree. Leaves with 4.5-6.7 × 1.1-1.5 mm. Seed cones with 6.9-8.7 mm, ripening in the second year. Seeds: 2-3 per seed cone, 3.9-5.3 × 2.1-3.7 mm.
var. brevifolia Small to medium tree, with elliptical crown. Branches level with horizontal to patent branchlets. Leaves acute, horizontal to patent in whorls of 3 (3-5/cm), overlapping by 32%. Male cones 3.9-4.7 × 2.5-3.3 mm, with 9-12 microsporophils. 
